Introduction
The protection of the environment and the quality of life are of the highest political and public interest. The European Community's (EC) first Action Programme on the Environment was agreed on in 1973. With the signing of the European Single Act in 1987, the Community was given significant new responsibilities for environmental protection. It is fair to say that environmental policy and regulation is now primarily carried out at Community, rather than at Member State level. By now, there are more than 200 pieces of EC legislation on the environment, covering pollution of the atmosphere, water, and soil, waste management, safeguards in relation to chemicals and biotechnology, product standards, environmental impact assessments, and the protection of nature.
Over these last 20 years or so, there has been a discernible shift in EC environment policy away from reactive measures to combat acute environmental pollution problems toward increasingly broad-scale and preventive approaches. For example, when Community industrial, agricultural, transport, energy, and regional development policies are now formulated, their likely implications for the environment are assessed. The Community has also clearly underlined its commitment to environmentally sustainable development.
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European Community Research and Development-on Environmental Protection
The Single European Act stipulates that: "in preparing its action relating to the environment, the Community shall take account of available scientific and technical data." EC-level research and development of the environment has the following broad objectives: a) to provide scientific and technical data that support the Community Environment Policy, b) to address longer-term environmental problems in support of preventive and anticipatory policies, c) to serve as an instrument for enhancing further, at Community level, the coordination of research activities in the environmental field.
EC environmental research is basically implemented by in-house research and development (R&D) 
Systematic Evaluation of Existing Chemicals
The EC had been notified of around 600 new chemical substances (by March 1991). However, there are over 100,000 chemicals that were placed on the market before the notification scheme came into force in September 1981-these are the "existing chemicals." The European Inventory of Existing Commercial Chemical Substances (EINECS) includes, for each substance, its EINECS number, chemical name, its molecular formula, and its CAS number. On the basis of current knowledge, production quantites, structure-activity relationship approaches, etc., a list of about 25 substances is to be established each year for priority attention. A risk assessment will be carried out on these chemicals and the possible needs for regulatory action considered. 
Protection of Workers
Community directives concerning protection against the effects of chemicals in the workplace are of general application across the spectrum of industry from production to placement on the market to final disposal. These actions are based primarily on two framework directives. Three types of control may be introduced: a) for highly dangerous agents of the type industrial society could and should dispense with, a ban on production and use (e.g., certain amines); b) for other highly dangerous agents (e.g., carcinogens) that cannot reasonably be banned, highly effective worker protection systems using, wherever possible, of closed systems; c) for other dangerous agents, a monitoring system based, inter alia, on exposure limit values.
Other Relevant Measures
There are two other EC directives that are of particular relevance to EC R&D on genetic effects of chemicals. One is the "Seveso Directive" of 1982 concerning major industrial hazards of certain industrial activities. The directive contains agreed-on minimum requirements on preventive measures at the stage of plant or process design; installation of control and safety measures as well as preparation of emergency plans; and control of major industrial accidents (if they occur) including sharing information concerning the causes, emergency, medium, and long-term measures adopted, and the extent of damage.
Finally, the Community has responded to public concern about the use of animals in testing: in 1986 a Directive was adopted concerning the "approximation of laws, regulations, etc., regarding the protection of animals used for experimental and other scientific purposes." In recognition of the needs for scientific progress in this field, in 1991, the Commission has established a European Centre for the Validation of Alternative Methods, to be located at the EC's Joint Research Centre in Ispra, Italy.
During the next 10 years, the EC will continue to improve control of environmental chemicals. Some significant, planned initiatives are outlined in Table 2 .
Scientific Content of EC R&D on Genetic Toxicity
Cooperative R&D on the genetic effects of environmental chemicals has been a feature of EC environmental R&D for more than 15 years. During earlier programs, numerous test systems using bacteria, fungi, cultured cells, Drosophila, and whole animals have been studied, involving comparative assessments by the use of reference mutagens. The results obtained were of direct application in the definition of test protocols incorporated in the Annexes to the Sixth Amendment and in the overall database on the validity of short-term tests. The following sections contain an overview of some past R&D programs, an outline of current work, and discussions of future perspectives. 
Some Achievements of the Previous R&D Programs
In this section, some ofthe main achievements of the two previous R&D programs in this field are reviewed. These were the Third Programme (1981) (1982) (1983) (1984) (1985) and the Fourth Programme (1986) (1987) (1988) (1989) (1990) . Detailed scientific reviews of the former have been published (1, 2) .
The overall scientific output of the Third R&D Programme was examined by a bibliographic survey, which was commissioned by an independent evaluation panel. This survey found that in all areas covered by the R&D program on genetic effects of environmental chemicals, the number of published papers in quality peer-reviewed journals, as a proportion of total European and world outputs, was far in excess of its relative size in terms of financial and manpower resources.
Correlations between Mutagenicity Tests and Other Assays for Carcinogenic Potential. The observed correlation between the ability of a chemical to induce mutation in various test systems and its carcinogenic potential has provided much of the incentive for test system development. The Third Programme focused on cell transformation methods as potential assays for carcinogens. Results indicated that transformation assays provide models for the progressive stages of tumour induction and development. This was further developed during the Fourth Programme as assays for nongenotoxic or epigenetic carcinogens.
Host-mediated Assay The host-mediated assay involves use of indicator bacteria injected into a small rodent. Indicator species are then used to determine mutagenic effects of a chemical given to rodents. The project identified many variables in this assay such as the effects of rodent strain, age of rodent, and effects of diet. This assay has to some extent been bypassed by newer technologies such as measurement ofunscheduled DNA synthesis (UDS) in specific tissues, transgenic animals, and direct measurement of DNA base changes.
UDS in Cultured Mammalian Cells. Here, the principal result of the Third Programme was an understanding of the importance of the measurement of DNA synthesis in the nucleus and in the cytoplasm. Further development of this assay for use in the liver of the rat has provided an important regulatory method.
Metabolic Activation. In the Third Programme, variables examined included inducers of P450, growth conditions to improve activation potential by yeasts, rodent strain differences, and constituents of S-9 mix. In the Fourth Programme, this project was broadened into the development and validation of metabolic activation systems in mutagenicity testing that are not derived from animals.
Mutagenicity of Aerosol Extracts. The aim of this work was to produce a mutagenic fingerprint of aerosol samples, to characterize the potential genotoxicity of each component, and to assess the overall mutagenicity of the mixture. The studies indicated that the samples contain genotoxic chemicals. However, the work was less successful in identifying the specific constituents of the genotoxic extracts and the overall mutagenic profile of the samples.
Transplacental Genotoxicity* The mammalian transplacental assay system was developed to the stage where it can be used to investigate differential sensitivity of the fetus to specific environmental chemicals. The sensitivity of specific stages of fetal development may be assessed, and the effects of modifiers of metabolic activity can be determined.
Aneuploidy The Third Programme demonstrated that a large number of chemicals induce aneuploidy in fungi. At the same time, several questions arose in relation to the relevance of this system to man -for example, whether fungi can be used to screen aneugens and whether a suitable regulatory assay can be developed. In 
Supporting Activities
The significant EC research effort is supported by various activities intended to enhance its efficiency, to maximize the added value of international cooperation, to assist dissemination of results, and to increase the relevance of the work to environmental and health protection policies. The scientists participating in this program meet, at least once each year, in contact group meetings. Here, progress is discussed, future directions agreed on, and new collaborative activities initiated. Each such meeting is, in turn, hosted by a different participating institution.
In some cases, the Commission participates in the organization of international workshops, symposia, etc. In this particular research field, organizational and financial support has been provided for recent annual meetings of the EEMS (European Environment Mutagen Society) and for a number of meetings hosted by IARC (International Agency for Research on Cancer) and ICPEMC (International Commission for Protection Against Environmental Mutagens and Carcinogens).
Finally, following the invitation of the OECD Chemicals Division, the Environment Research Programme acted as "lead country" in preparing the detailed review paper to revise OECD Guidelines for Genetic Toxicity Testing. This task was entrusted to three participants in the program (A. Carere, G. Mohn, J. Parry), who prepared the detailed reveiw paper in close consultation with other scientists in the EC program.
Future Perspectives
Within the new EC Environment R&D Programme (1991) (1992) (1993) (1994) , work in this area will continue to provide direct support for Community policies related to the screening, health risk assessment, and control of environmental chemicals. This includes short-term support through improvement of predictive testing of specific end points related particularly to carcinogenic and mutagenic risk and long-term research to elucidate the basic mechanisms of environmental carcinogenesis and mutagenesis. There are two main research themes, as discussed below.
Further Development of Genetic Tbxicity Testing. Research will include further refinement and, where appropriate, validation of tests for established genetic end points, which are suitable for incorporation into existing regulatory protocols, as well as development of novel approaches and techniques to increase coverage of end points that may be associated with genetic disease and cancer. Particular emphasis is given to innovations that allow reduction in the use of animals in testing without detriment to predictive capability.
Relating Genetic Toxicity to Cancer and Heritable Mutations. In addition to improving the scientific and technical basis of regulatory schemes for genetic effects of chemicals, it is also intended to improve our understanding of the mechanisms by which exogenous agents may be involved in the etiology of cancer and mutations in man. This will facilitate prevention and risk assessment and lead to significantly more effective and efficient chemicals testing strategies.
Application to Urgent Environmental Problems
The research undertaken in this R&D Programme clearly requires highly advanced manpower and technical resources. However, as well as providing both immediate and longer-term support for European Community environmental and health policies, it is intended that the work should be of immediate relevance to urgent environmental health problems. For example, there may be increased hazards associated with elevated levels of potentially mutagenic or carcinogenic pollutants in various parts of Eastern and Central Europe. The European Community is actively assisting these countries to manage problems of this kind, and this assistance makes appropriate use of the scientific and technical capabilities developed within the EC Environment R&D Programme. This type of approach is also being established with Mediterranean countries, within the framework of the Community's International Scientific Cooperation activities.
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